INTRODUCTION
The continuously cored 1450-meter sequence of sediments drilled during Leg 47A at Site 397 off Cape Bojador, northwestern Africa ( Figure 1 ) provides a unique opportunity to elucidate a magnetic reversal polarity stratigraphy in a passive continental margin setting. A nearly complete sequence of Quaternary through early Miocene age comprises the principal part of the sediment prism here above a major hiatus, below which occur Early Cretaceous mudstones. It appears that this thick sequence accumulated under conditions of fairly rapid sedimentation throughout much of its history. Such a sequence is ideal for paleomagnetic study as it affords the possibility of preserving a high resolution magnetic stratigraphy. If this magnetic stratigraphy can be accurately deciphered, it will allow a more precise dating of major paleoenvironmental events preserved in the sediment record than can be achieved by using conventional biostratigraphic dating alone.
SAMPLING AND MEASUREMENT
An essential prerequisite for the determination of a reliable magnetic stratigraphy is a set of sediment samples which give sufficient coverage of the drilled stratigraphic interval so that, commensurate with likely sedimentation rates, no major reversed polarity epochs or events remain undetected. Unfortunately, the practical realization of this prerequisite is constrained by several factors.
1) The condition of the sediments recovered after the coring process. Coring deformation is often present in soft unlithified sediments; although it is possible by judicious selection of sampling points to avoid badly disturbed intervals. One major advantage of preliminary shipboard paleomagnetic study, as was undertaken during Leg 47A (see Site 397 Report, this volume), is that sampling and measurement proceed concurrently.
2) The suitability of the drilled lithologies themselves for paleomagnetic study.
At Site 397, the abundant chaotic pebbly conglomerates of the lower Miocene are not normally suitable for paleomagnetic study. Consequently, sampling is selective in the sub-bottom interval of 900 through 1300 meters. Only the autochthonous pelagic intervals, laminated or graded sand units are chosen for sampling, so there are some gaps in coverage of this part of the sequence. Similarly slumped horizons are avoided. Nevertheless, as these unsampled zones often represent rapidly emplaced allochthonous flows, the apparent time gaps in the stratigraphic intervals may be relatively short.
3) Hiatuses.
The presence and detection of hiatuses in the sedimentary column is also very important if any inferred polarity reversal stratigraphy is to be correlated with established polarity time scales.
4) Remanence type. The sediments used for paleomagnetic study should possess a natural remanent magnetism (NRM) which was acquired at (or soon after) deposition, thus accurately records the polarity of the ambient geomagnetic field. The isolation of a stable remanence is essential if an unambiguous reversal polarity stratigraphy is to be fully documented.
For this study, 178 samples were obtained by shipboard sampling of the cores recovered from Holes 397 and 397A at Site 397.
Sampling of the Quaternary and late Neogene unlithified marl oozes was achieved by pushing nonmagnetic plastic tubes (2.5 cm diameter and 2.2 cm length which were scribed with orientation marks) vertically into the split core sections. The open ends of the sampling tubes were sealed with adhesive tape after removal from the cores. A standard diamond-tipped core drill was used to extract cylindrical samples from the more lithified sediments. Occasionally, as in the case of of the thinly laminated Early Cretaceous mudstones, cubic-shaped samples were cut from the core segments. The uphole orientation was carefully marked on each sample.
Initial measurements of remanence of the samples were made in the paleomagnetic laboratory established onboard Glomar Challenger at the commencement of Leg 47. A computerized (Digico) spinner magnetometer (Molyneux, 1971 ) with a noise level of the order of 5 × 10~8G was used for these measurements. Subsequently, Stepwise alternating field demagnetization was accomplished for a number of selected samples of varied lithologies up to peak field values of 400 Oe to investigate stability behavior. Figure 2 gives examples of this procedure for some typical Cenozoic sediment samples. However, for the majority of samples, alternating field demagnetization only up to a peak field of 50 was completed onboard to remove low coercivity components. Shore-based studies continued this progressive demagnetization up to peak fields of 150 and 300 Oe utilizing long signal integration times (commonly 2 9 spins) and triplicate measurement because of a predominance of low intensities of magnetization. Table 1 gives a summary of the paleomagnetic results for the shipboard sample collection.
For a majority of the samples, low field magnetic susceptibility determinations were made using a Highmoor susceptibility bridge as part of the shorebased study. The results of these measurements are included in Table 1 .
RESULTS

Remanence and Stability Considerations
Cenozoic Sediments NRM measurement of the bulk of the selected samples, which are Quaternary and Neogene in age at Site 397, reveals a predominance of normal polarity, using inclination as a polarity index. Some 83 per cent of the samples are of normal polarity as shown by the histogram of Figure 3 . The histogram of NRM inclinations also has a mode for the distribution which is coincident with the theoretical axial geocentric dipole inclination (45.2°) for this site. As shown in earlier investigations of upper Cenozoic sediments (Amerigian and Watkins, 1975) , chemical overprinting of normal polarity in the present geomagnetic field can occur. Evidence of such overprinting is clearly reflected by the distribution of NRM inclination values revealed at this site. Similar findings are described in paleomagnetic studies on sediments from DSDP Sites 379 and 380 in the Black Sea (Hailwood and Hamilton, 1978) .
Alternating field demagnetization produces some demonstrable removal of this Brunhes Epoch overprinting, as indicated by other histograms for higher peak field values (Figure 3 ). It seems likely that cleaning at a peak field value of 150 Oe produces a distribution which tends to some bimodality and, therefore, perhaps towards a best estimate of original ambient geomagnetic polarity for these sediments. There is a significant displacement of the modal values to shallower inclinations from that expected for the geocentric axial dipole approximation after demagnetization. Imperfect magnetic cleaning may account to some extent for the shallower mean inclination. Other possible causes for this are known and likely, such as an offset dipole field configuration (Wilson, 1970) or, as Blow and Hamilton (1975) describe, inclination errors can occur to shallow the observed remanence from the ambient field inclination, particularly under conditions of rapid sedimentation with terrigenous input, as might be expected in a continental margin setting. At peak field values 300 oe, it is evident that negative inclinations predominate (60% reversed and 40% normal polarity). This situation is in part an artifact of instrumental effects when demagnetizing at higher peak field values. For many of the samples under investigation, the remanent intensities are then very low (on the order of 5 × 10 8 Gauss) so that a reliable direction of magnetization is not easily recognized despite the precaution of triplicate measurement using a longer signal integration time. Nevertheless, the incremental demagnetiza- tion does seem to have been largely successful in indicating the likely ambient geomagnetic polarity at the time of sediment accumulation. The subsequent interpretation of polarity data for this site is normally based on the inclination given after 150 Oe demagnetization. It is interesting to note that for those few samples with a reversed polarity NRM, which retain this polarity on demagnetization, a majority occur stratigraphically with the lower Matuyama Epoch. These samples also are characterized by better than average magnetic stability despite their lower remanent intensities. Lithologies of the sediments showing these characteristics are dominantly siliceous marl oozes. No study of the source of the remanence in these lithologies has been undertaken yet.
Mesozoic Sediments
A sequence of Early Cretaceous mudstones occurs below the major hiatus encountered at 1298 meters sub-bottom at Site 397. Some 155 meters of these sediments were penetrated before drilling terminated. The sediments are thinly bedded and contain alternations of rhythmically laminated dolomicrites. Sedimentological study (Einsele and von Rad, this volume) suggests that the sediments accumulated in a distal prodelta slope environment. The presence of the rhythmic couplets may indicate fairly rapid deposition if an annual periodicity is assumed (see Site 397 Report).
Remanence measurements on 22 samples from this sequence reveal a predominance of positive inclina- tions, indicative of acquisition of magnetization during epochs of normal polarity. Alternating field demagnetization up to peak fields of 600 Oe for three pilot samples (Figure 4 ) suggests that these sediments possess a moderately stable remanence, subsequently confirmed by demagnetization of the remaining samples at a single peak field value of 300 Oe (Table 1) . Negative inclinations are encountered only in Core 397A-35, which is located close to the hiatus. The removal of an overprinted soft normal polarity component is demonstrated during progressive demagnetization of Sample 397A-35-2, 75-78 cm (Figure 4 ) by both directional change and the apparent increase in intensity shown by the normalized intensity decay curve.
studies (Henry and Opdyke, 1970; Hamilton, 1974; and Ade-Hall and Johnson, 1976) . Unfortunately, lack of azimuthal orientation of the cores themselves precludes the use of 160°-180° remanence declination change as confirmatory evidence for polarity reversal. Nevertheless, as Site 397 is located at a moderate latitude, inclination sense can be used fairly reliably as a polarity index. Ambiguity may occasionally arise due to inadequacies of sample coverage or possibly due to effects of localized magnetic excursions, but this is unlikely to obscure entirely the inferred magnetic stratigraphy. Biostratigraphical zonal assignments determined from shipboard and subsequent shore-based paleontological study are shown also in Figure 5 .
Magnetic Stratigraphy Assignment and correlation of the observed polarity reversals inferred from the paleomagnetic data at Site 397 constitute a major objective of this paper. Figure 5 shows a composite plot of the downhole variation in magnetic inclination for shipboard samples from Holes 397 and 397A after magnetic cleaning. The polarity stratigraphy is derived from these data as shown in the figure. This is done by assuming that negative inclinations correspond to reversed polarities and positive inclination to normal polarities. Such a convention was adopted in earlier DSDP sedimentary paleomagnetic Quaternary and Neogene Sediments Correlation of the magnetic stratigraphy to established geomagnetic time scales can then be attempted. A number of varied compilations of magnetic polarity time scales for the Cenozoic and Mesozoic, or parts of these eras, have been published recently (Ryan et al. 1974; Tarling and Mitchell, 1976; van Hinte, 1976; La Brecque et al., 1977; and Berggren et al., 1978) . At Site 397, the upper 1300 meters of the sediment column is dated as Neogene to Quaternary in age so that correlation of the polarity sequence has the limits from Brunhes Epoch to possibly Epoch 20/21 times. The absolute chronology of these magnetic polarity epochs due to several different authors is shown in Figure 6 , together with a suggested correlation of the Site 397 polarities. This correlation is constrained by biostratigraphical assignments. It is possible to deduce precise sediment accumulation rates from the magnetic stratigraphy when referred to an absolute chronology. This is done in Figure 7 using a calibration to the Ryan et al. (1974) geomagnetic time scale. Despite some degree of uncertainty in the correlation for some parts of the sediment record, several interesting features emerge. Obviously for the upper continental rise of the northwest African continental margin, high sedimentation rates prevailed during the early Miocene, late Pliocene, and Quaternary. The hiatus in the sedimentary record dated as middle Miocene, which corresponds approximately to the D 2 seismic reflector (see Site 397 Report) occurred between Epoch 14 and possibly Epoch 11 according to the correlated magnetic stratigraphy. Higher in the record, the episode of slumping in the late Miocene can be dated within Epoch 8 times.
One discovery from the magnetic stratigraphy is the recognition of a possible hiatus in the early Pleistocene, i.e., in the upper Matuyama Epoch. Evidence for this is deduced as explained below. Above the top of the Gauss Epoch, which is located at 208 meters sub-bottom, an interval of reversed polarity to 160 meters is assigned to the lower Matuyama Epoch. A short normal event intervenes before the onset of a normal polarity event which is recognized here as the Olduvai event. Biozonations support such an assigment as this normal event is associated with the first evolutionary appearance of Globorotalia truncatulinoides (N 22) and the extinction of Discoaster brouweri (NN 18). Implications of a possible "split" Olduvai event will not be Cretaceous Samples 600- 
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discussed here, but it is noted that the data from Site 397 record this. However, Briskin and Berggren's (1975) usage is followed to identify the longer normal event as the Olduvai. A very thin reversed zone, less than 10 meters in thickness, occurs following the Olduvai event. The succeeding normal polarity event located between 92 and 103 meters is tentatively recognized as the Jaramillo event. Such an assignment immediately raises the question of whether the preceding thin reversed interval contains an important hiatus in sedimentation which is not recognized biostratigraphically, although there is evidence of reworking of older faunas in Core 12 (104-113.5 m sub-bottom). An alternative interpretation is that a dramatic reduction in sedimentation rate occurred immediately following the Olduvai event. High accumulation rates recommenced during Jaramillo times and continued through the Brunhes Epoch at Site 397.
It is difficult to assess the validity of the supposed hiatus on the basis of micropaleontological evidence as no faunal boundaries are recognized in this critical interval of the sedimentary record. A re-examination of the nannofossils using the refined Quaternary zonation of Gartner (1977) may provide a critical test of the presence of a hiatus. There remains the possibility that the initial assignment of the upper normal polarity event within the Matuyama Epoch at this site to the Jaramillo event is incorrect, but this appears unlikely on the basis of the inferred sedimentation rate curve. If this event is identified instead as part of the Olduvai event sequence rather than the Jaramillo event, then by inference the Jaramillo event must be absent at this site if the Brunhes/Matuyama boundary is correctly placed. Again, such an interpretation requires a hiatus to be present. It is interesting to note other confirmatory evidence for the hiatus is provided from the recognition of an important change in acoustic impedance recorded from the physical properties data, as well as the presence of a strong reflecting horizon at approximately 100 meters sub-bottom.
Sixty-eight meters of sediment have accumulated during the Brunhes Epoch at Site 397. Unfortunately, the resolution of a detailed magnetic stratigraphy through the Brunhes sequence cannot be achieved because of drilling disturbance in the upper cores. Sampling is necessarily very scant in this interval. Despite this limitation, the data indicate the existence of a possible reversed polarity interval at approximately 25 to 55 meters sub-bottom. The reversed interval may be significant as it occurs close to the placement of the nannofossil zone boundary NN 19/NN 20 at 30 meters. This paleontological boundary corresponds to the extinction of Pseudoemiliana lacunosa during cold Stage 12 of the Pleistocene, approximately 400,000 years B.P. (Gartner and Emiliani, 1976) .
The occurrence of globally recognized reversed polarity events within the Brunhes Normal Epoch is still the subject of debate. Notably, attention has focussed on the Laschamps event and the Blake event and their possible correlatives, but these are considerably Figure 7 . A calibration of Site 397 magnetic polarity reversal sequence to the Ryan et al. (1974) time scale which allows estimates of sediment accumulation rates to be determined.
younger than the postulated reversal detected at Site 397 described above. A few earlier workers (e.g., Ninkovich et al., 1966) cite evidence or give paleomagnetic data from deep-sea cores which can be interpreted to show the possible existence of polarity reversals older than 110,000 years but younger than the Brunhes/Matuyama boundary. However, there is some uncertainty as to whether these are true reversals or localized magnetic excursions. Clearly in the light of the reversal detected here, some reappraisal is necessary, particularly since high resolution deep-tow magnetic profiles are now available for Brunhes age oceanic crust in the inner rift valley floor of the FAMOUS area (MacDonald, 1977) within which reversally polarized blocks have been detected. The amplitude changes evident on such marine magnetic profiles which may reflect geomagnetic field intensity fluctuations during the Brunhes Epoch may also be preserved in the paleomagnetic record of rapidly sedimented margins such as that off northwestern Africa.
Early Cretaceous Sediments Apart from the thin reversed zone in the upper part of the Early Cretaceous sequence at Site 397, the polarities of remaining sediments are normal (see Figure 5) . Calibration to the van Hinte (1976) Cretaceous time scale is not unequivocal. According to the biostratigraphic studies on these sediments, the upper 14 meters of the sequence are dated as early Barremian but absolute biozonation is uncertain. It is at this level that the reversed polarity interval occurs. On the basis of van Hinte's compilation then, this reversed zone could represent either the reversed interval which is identified as marine magnetic anomaly Ml or the shorter Ml anomaly.
It is difficult to reconcile such an assignment of polarity stratigraphy with the biostratigraphic dating of the underlying 151 meters of sediment as late Hauterivian. This was dominantly a time of reversed polarity according to the van Hinte (1976) time scale, whereas the polarity sequence observed here in these sediments is predominantly normal. A more plausible correlation may be found by assigning these normal polarities to the longer normal interval between magnetic anomalies Mi and M5, inferring a correlation of the upper reversed zone with the MA magnetic anomaly. If correct, this interpretation of the magnetic stratigraphy implies a chronological assignment of the whole sequence to uppermost early Hauterivian instead of late Hauterivian-early Barremian. As these sediments are referred mainly to a single biozone (Cruciellipsis cuvillieri), this biozone can be now calibrated fairly precisely to the absolute time scale between 123 and 124 m.y. B.P. All this evidence points to accumulation of these laminated mudstones under rapid conditions with sedimentation rates in excess of 100 m/m.y.
Magnetic Susceptibility and NRM Intensity Variations
The bulk susceptibility of marine sediments reflects variation in magnetic mineral content. At times when influx of terrigenous detritus (particularly that derived from igneous or crystalline basement terrains) is increased, the susceptibility of accumulating sediment increases in magnitude also. In a passive continental margin setting incursion of such detritus is often a significant contribution to the developing sedimentary prism. At other times when terrigenous input is diminished and high biogenic productivity prevails, the sediments will be characterized by low susceptibility. Magnetic intensity changes are caused not only by lithological changes, or change in remanence carriers and type of magnetization, but may also reflect variation in paleofield intensity at the time of remanence acquisition.
At Site 397, the downhole variation in susceptibility and NRM intensity exhibits some interesting correlation with predominant sediment lithologies (Figure 8 ). The high susceptibilities and intensities of the volcaniclastic sandstones of the middle Miocene emerge as a major feature.
Below the major unconformity, the Early Cretaceous mudstones are associated with fluctuating values of both parameters superimposed on a trend of decreasing value uphole. This could indicate increasing maturity of the distal prodelta slope environment. Above the hiatus, the results of susceptibility and intensity determinations for early Miocene sediments (between 850 and 1298 sub-bottom), reflects a sampling bias towards the marly limestone sub-facies in preference to chaotic pebbly mudstone facies; on the whole, moderately low susceptibilities and intensities are found. The onset of the volcaniclastic sandstone horizons is marked by abrupt increases in susceptibility and intensity which reach maximum values of 1 × 10~3 G/Oe and 6 × 10~4 G, respectively. The trend above this level for the late Miocene sediments is decreasing values of both parameters.
The hemipelagic sediments of Pliocene and early Pleistocene age are marked by some constancy of susceptibility value (4 × 10~6 G/Oe), apart from minor fluctuations. However, there is a displacement to smaller values of susceptibility following the Jaramillo event in the early Pleistocene, before the somewhat high values of the uppermost cores are encountered. Briskin and Berggren (1975) recognize from detailed faunal studies of an equatorial Atlantic core that the late Jaramillo marks the transition between the two major climatic regions of the Pleistocene. The susceptibility results described here appear to confirm the Jaramillo as a significant climatic marker. An increase in magnetic intensity characterizes the sediments of the late Pliocene and early Pleistocene. The comparatively higher intensities of the lowermost Brunhes Epoch show a decrease following the inferred reversed polarity zone. An anomalously high intensity is encountered in the uppermost core. When the intensity variation is viewed overall, there appears to be a long-term cyclical change, associated with a periodicity of approximately 15 million years. Further study is necessary to examine the reality of this.
CONCLUSIONS
Preliminary paleomagnetic study on Cenozoic and Mesozoic sediments recovered at Site 397 off Cape Bojador have enabled a fairly detailed magnetic polarity stratigraphy to be recognized for part of the northwest African continental margin. The 1300-meter-thick Cenozoic sediment sequence comprises strata of Brunhes to Epoch 17/19 in age. There are three possible hiatuses within this sequence; one of which, in the early Pleistocene, is confirmed on the basis of evidence from the magnetic stratigraphy.
Correlation of the magnetic stratigraphy to an established geomagnetic time scale enables quantitative esti- mates of sediment accumulated rates to be made. These confirm the rapidity of the early Miocene phase of upbuilding of the continental margin and the high rates of accumulation of hemipelagic biogenous sediments during late Neogene and Quaternary times.
Preliminary intepretations of the predominant normal polarities encountered for the Early Cretaceous sediment suggest correlation within the interval between the M3 and M5 Mesozoic marine magnetic anomalies, dated as early Hauterivian.
These studies demonstrate that deciphering of the magnetic stratigraphy in continuously cored sequences can be readily achieved. The magnetic stratigraphy complements biostratigraphic dating and together provide for a more complete understanding of the chronology of the evolution of passive continental margins than from either alone. Nevertheless, it must be emphasized that gaps in sample coverage can give rise to some ambiguity in correlation of the magnetic stratigraphy to established polarity time scales. ACKNOWLEDGMENTS I am grateful to Lindsay Molyneux for providing a newly designed tumbler system and demagnetizing coil for use onboard Glomar Challenger. I thank David Spanner for assistance with shore-based measurements. I acknowledge encouragement and interest from Professor F. Hodson and generous use of departmental facilities. Ernest A. Hailwood reviewed the manuscript and suggested some useful improvements.
